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KDNA**ALfc*£^ Mnf N K 

■c*att-ryruyw K±^s?§Jcj:oT^$ns (* gemmed • -rv^ 

P) <h ^cDmtt^T'* S y / f-JV7 'J * f n >J >ffif (DMAPP) LT C 10© 

y^-^h'u 'J (GPP) MliU^n, 5llClPP*<|g^LTC15©7T^^>^ 
en'jygft (FPP) a<£fifc$n*o FPPtts #&lPP<h*!§£-rs;:<J:K<};oTC20 
oy^-yuy^-^en (GGPP) ££Cs 25c*c:GGPPjHlzb3!><*Si^ LT. 4fctt) 

(Britton, G. , "Biosynthesis of carotenoids". Plant Pigments. London, Aca 
demic Press, 1988, p. 133-182. (Goodwin, T. W. ed. ) o 

mtofttE&ft&mmmErmnn uredovoraOrto^/'T K 



WO*W06172 PCT/JP95/01640 

T^S-fcfT + ^yf-^^^^^-SCi^oItHcLyc (£57EI#jia) (Misawa,N. 
, Nakagawa.M. , Kobayashi, K. , Yamano, S., Izawa.Y. , Nakamura, K. , Harashi 
ma, K. , "Elucidation of the Brwinia uredovora carotenoid biosynthetic pat 
hway by functional analysis of gene products expressed in Escherichia co 
li.". J. Bacteriol., 172, p. 6704-6712, 1990. ^ Misawa.N., Yamano, S.. Ik 
enaga, H. , "Production of $ -carotene in Zymomonas mobilis and Agrobacter 
ium tumefaciens by introduction of the biosynthesis genes from Brwinia u 
redovora.", Appi. Environ. Microbiol., 57, p. 1847-1849, 1991 atf#M¥ 

3-58786-t&IS#fia) o 
iC6T% zfcfe©* Vila? J 4 <$K#ft£<8J 

com. mwom&nm** »**©*«wci£<#tt-*-sft*wtt»«ap 

*©/c«K ««fc»9«i, & »*»©**Jfe^aofe»tf©BWfcT^^**> 

&«J* 28, p. 219-227, 1990#XR)'. 

7X tLTtts PMM-*7S*©¥»!Hn BWhaffia 

©&£#)> »»HaeBatococcus0«r*«U RtfW&£Ji£&tw £ »)# 

S"f So BWhaffia©«F*«T?t>, *©IBIS«#aBITLfrfc7X**1J-:/f- 
>©£Mj&<ffi^fci6. RW**AtiiC£*:tt3* h^g-TSo &&Haemat 
ococcus©**«J©»&* ISft^tC 7 X * >^ >&j£K**W,£ft£{&£ L 
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##KWfflT'*£<!:%;Lt»*l.5o tttfttb. 7 Xfi XD£.mm<D&mz 

«r*»1- * T7 * 9 >^ ><Dtkmm*±if S c i *>lt L < ti^ t # 

^lc<fc?K ^"e{c^3fe^fiJtiaiM Erwinia uredovora frbW&ZtlT^Zo Lfr 
LKifibs 7X9*D->?>Z&fotZ<DK i &mU J r hg3A&&&3 - Kf -5 
iae^OBMfkL H?iELfc<i:-5^7X^+-9->f->©g^±©Wffltt©4Sc{-^ 
^<©W5£*SKir'^t,*lT^T^S{C(>^t>t>-r> KM oTtt 
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? * - £ JI & t * £ <!: (> B W i -T * o 

±E»II*lKift*^<*i*ftWLfciSJIU H&Haematococcus 
pluvialis OcDNA^^y hg$A&££3- K«itfc?** o-->^L, 

■SCtfc&S&U *56W*58flfc***KMofc. ^tt*)*. #fSHJJ(is jS-'C* 

W-rs^^cDyS-^^y yfcsu&GM^i^SS-y bgjc|£&-9 u 3B*&?gtt 

*»WM\ «fE0DNA*afr*ft*;l^*-&IMW-So *»W 
tt> *IE0DNA**ALfc*£tt *fc»Jlc* **9IW\ Mffi©D 

NA*»AL/i:*^1ll*«*T«»L^ h*Df^ K£8«-fS 

J&T, **W*9MBl::Ili«"r5o 
1. *h£a*ASI£ 



4 



WO96/06172 PCT/JP95/01640 

2g|OB*^Df T?07; ;SftE?'J) s *fc«*. E?iJ#"t 3 n57 $ y Eft 
E?'J ($&3E1©C;^£D*T'©7 S ^StE?"]) £#&•*>©*?* oT fc<kt> 0 :C 

S7WB8E?'JJ EW*©E*JMK ttzte. E*J«3 

© 4 &©> f- b MUcfeift-r 5PS*3 Kfc^T, E^JA 

OEHjm, E?>J#^2, E5»JM3Ui^sn*7iy»EW©^< 
osWco^T&fc, B&« (^im*0«*<*oTl>J:V^7S>/ilEM«:*ft-r&o 
fc£*.tf, E*I*©EMMK E^«J#^2. *fcttEW«3l;:*3ttS7S 
yttE*l©*l#B©7$ytt (Met) 3&<fcfcLTVt$fc©tt<!:*t>S£Sft3. 

Tx**;viiT*>^**i'f>*^t4Ci* < 'P*4. 3-fcK 
*©R#WttW© loiLTs Hf7*^>f->££Ki 1^X4-^ h-fe'7+1*-:/^ 

>^mx7 * (^80#«a) o 

KT'& 5 /S - * p * 7 > tt 1 +fc 2 OT© 0 - -f * J 

tt (4tti|iJ^) ©y f-l/>S*<y hS{c<£#|$nSC:«!:Jc«J:0. **i*'n*/> 
2. * hg*AB*&itfc? (bkt) 

ijBMo^nttnAw^a-K-rsae^ (bit. r bku tirrzo ) « 

* # u k* => - ***E*j*r£t? d n a 

So C©Jfcfifttt0HM\ HgSHaematococcus pluvialis (NIBS-144)«fc t) ? o - — 
>^t?#Sbkti4(K?^*0> Ctttt*Kttfc»lH©A*&D*T?©7 $ yg? 
Eft (EW*©EW#^l»w**n*7 5y«E3»J) ^ »2H©B^«.D*7?© 
7^&E?'J (EW*©EJ>J#^2K^Sn*7Sy8»E?II) > *fctt$8 3B© 
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*t£gB2yiJ©±afcK#3- mt&ZStsbOT'&Zo ttz, *&BJ1©bktiHS 
#££&*>©*> ££t Z C t it 1 1-5 * T t> tt V \, 

i*<-e^S (JMHM) o BKHix 3 - t Yu**s- &-4* J >5&© 

(ft8H*JR) o KiS, Z©* 5 K&tfcn*3 
— KtSDNAIi> Mbnt^W^fcfeO^t), C©#y^f-K*5i 
tfcn^a- Kt*DNAI4, 31&*-C<cft]£>ttT^S <b'©«k ~> »J K 
fcJ;[fDNAifc4#Wtt*tny-tt|fLmi>. 0-4* J 
3 - h Kn*>-0--f *y >JKcR&"f % 1 o©B*j&V*-l/>l6*^*tt*> 
y Hllc«lftf'5t^ , 5ttI 1 tt4'*-C#ttLtt^ofcfc©l?*S. 

iC^Tx #ft&Jifctttt Brwinia©y7D^y -< K£flfcafc3P«k crtE, crtB. 
crtl RtfcrtY*flK*,6c:£ICJ:*K *»&«'© ilfc£«l£ 0 - * of 
4x.5Cii<-e§> Kfc±E© 4 o©jt&?fCftj£crtZ2t£?feffll'£ C tic J: 

*»ar*©ift4«uc-i?7*-y->f->4fttt*4it*c:t*<T** (ansa 

CXWIB©WJ91/13078^&M4i«#JH) • 

LfctfoT* BKT©SST*-5i8-/;Pf L >^-if7 + -y->f->{icn^Erwinia 
© crtaeTOlciOilM&SftSOTs Erwinia©crt -5 
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+iBfUH£*9£ lt£-? y 7 h*if:/f->a<i&S££ fractals $ bi:c 
*£3*.s>tt> co^^t-wwi^iL^ 3*- 

3. DNAOffii 

%*.nti\ C©tt3*&Ji5c&<fc9 feM Haematococcus (ft&WttfcO-lcHaenatoc 
occus pluvial is Haematococcus lacustris^JO^S) rt^mRNA&ERffl^ 

Pr#fl*J(;:te N Haematococcus pluvial is ©£RN A £#fctU **)d-rvi>7* 
-dT3 0X-><- (£Si£ (#) ) «rfflV>T#UA + R N A^fSU!^"5o CO 
#'JA + RNA^SIICLT. iS»<£W^SUPERSCRIPT RT (GIBCO BRL)T*B*ifji 
DNA^)SL> ^^TB. coli DNA 'J#--tr\ B. coli DNA #M5-I?, B. 
coli DNA RNase H (£TGIBC0 BRL)*flH*T 2***c DNA&£fifc-*-*o 
LfccDNA^Mffla^^-pSPORTl (GIBCO BRL)IC*i*i&*, cDNA 
5^75 ij COcDNA7^^'J-?rffll\ /8-*/o^>£g 
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Hi?Z*mm (±f£L/cErwinia ©crt &B=?UZ&ftt **8§ffi) 

mm**? v-=.y>r-tz> 0 :©ssii, r-ga<a»A£*^ ^h^D^y^K 
© r> <h of* s * > * y * n s t *mm(D&mt)< 0 - * a 3- > 

fc*6©)BBfi**lI^ 6 1 WO c D N A*«po^5 X 5 KfcMU cDN 
A^AHS^^^-pBluescript II SK+fcJ:tfpBluescript II KSKSTRATAGBNE) 

#ft**fTV\ **l&lCOl,»T*atEJIJ©ftS*lf9o 

BI^T(i* £#<|H]e*&£#|©Phaffia rhodozyma t,77^+tyf-^O^r h 
rtu^y -f K&£j£-*- 5 C t 4<4R&3 tlTl>S (Johnson. B.A. and An, G. -Hwan, 
"Astaxanthin from microbial sources", Critical Reviews in Biotechnology, 
11. 297-326, 1991) 0 LfcHaematococcus pluvial is NIBS-144©bktit£ 
Wo-^t LT8H\ *C*tni;-*W|j!LfcMy!l ^-f-tf-i/g >IC 

Haematococcus ©•fjfr'&N Haematococcus pluvialis NIES-144<t (^©^Ntte^ 
*»cW-f-B*M©HtiS 28s -2"ttfc>£> Haematococcus lacustris UTEX 294 
(The Culture Collection of Algae at the University of Texas at Austin^ 
, Haematococcus lacustris C-392 C*Sf*Wffl»£*lWaiJr OR 

:tlb©^fe*DN A£HMU Haematococcus pluvialis NIBS-144©bktitfe 

?^D-yiL^ d-9 >^-r *r<<M- : s * o/co -e©ism(ifeB^ 

^©^M*), bkt©yn-^(i2@^©^g|Haematococcus 0t^-fn©5fefe 
#DNA«ca**-44*£©DNAI»mct>B<'W7y ^*XLfco S£oT#f£ 
Wli* C©«fc9tt89EDNA (E?'l#-t4. 5, 6RO'7) t^^yj^-fXt 
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*IPJJ©D N A LTig^tt*ffl® (W*M\ *M%. Zymomonas 
mobilis. Agrobacterium tumefaciens) -PS^ (Saccharomyces cerevisiae) ^ 

tlTUSt)©s #J/L{£x "Vectors for cloning genes", Methods in Enzymology, 
216, p. 469-631, 1992, Academic Press> fc«fcO\ "Other bacterial systems", 
Methods in Bnzymology, 204, p. 305-636, 1991, Academic Press #M) (ci$l 

<*mm^<Dm&=FmA> 

C/iix.(fx Sambrook, J., Fritsch, E. F. , Maniatis, T. , "Molecular clon 
ing -A laboratory manual." Cold Spring Harbor Laboratory Press, &\%.% 
7 4H~m8 4H. 1989 #J8D 0 Sfc&Kfix 
ft&lZ'&U (tztJLtf^ fjlJ&O "Molecular cloning -A laboratory manual. % 
1 7$»3I-I4 II"). 

, iztx.\i, lac ©yD^-^-^w-rs^isa^^^^-^n^ite 

?£#ALfck©£*»8^c*AlJ- S£<fc<<>o lac 

S*JI®ffl cDNAJ&S***- pSPORTl (CIBCO BRL *±) + lac 
oyot-^-olifo 'J - Kx;l/-££tf -S^lSjl^ Haematococcus Obkt it 
£?£I$AU C*i£*S§Sf;:a*AL*:o 
<*ft^Oitfi^#A> 

Saccharomyces cerevisiae ""-©fl-^ilfK^O^A&i: Uf-^A 
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—j m^tbf&f?- o »^T^*ite^F«:^$-fr5/cfe;c(i. pg 

K ^ CPD fcDynt-^-*<t^-;*-^-^^t> 

ynt-^-i^-u-^ -©raitcii^© »; - Kx;u-£gtf £ «k 9 k# A t 

tWt-yh^lliU CO^tyh^ S. cerevisiae 

/ci/Ltf. YRp& (Sf«5fefe^©ARSge?iJ^Sfi!fi^<i:1-S»#fflv^^3h--^ 

, YBp& Wn<D2fim DNA©&8^j£;&£fto»#mv;^^^b•-^** 
-)\ YIp& (Ke«CD^»[jt3^^/c^^»«»fe^«a^ffl^^^-) ^©^ 
?*-lc#AU Ctt£#Slc^AtS£J:^ (f&&© rgj^r^-A^ *f 

^©jte^X^j VIMJSflK fc«fct>\ Yamano, S., Ishii, T., Nakagawa, M., 
Ikenaga, H. , Misawa, N. , "Metabolic engineering for production of /S-car 

otene and lycopene in Saccharomyces cerevisiae". Biosci. Biotech. Bioc 

hem., 58, P. 1H2-1114, 1994 #M) • 
< Zymomonas mobi 1 is^©itfeT-^A> 

x^y-^SMB Zymomonas mobi lis ^©fl-^fciK^^Atex ^5 A It 
tt£lc#i§fc}££fciifci;:«fc<m9C tt}<X'%2>o Zymomonas mobilisT-fl-*i8 
fc^fcfSSIS-tfrSfcaicli, n*itfe?«-#ALA:^^^^- (tzt^i. Z 
ymomonas mobi lis ffl^^^— pZA22) £ Zymomonas mobilislc^A^SiiU 

(+tt3£B, r Zymomonas «BS©^WS J x B*ft£tt¥££. 63, p. 1016-1 
018, 1989> fc«i:tJ\ Misawa, N. , Yamano, S. , Ikenaga, H. , "Production of fa- 
carotene in Zymomonas mobi lis and Agrobacterium tumefaciens by introduc 
tion of the biosynthesis genes from Brwinia uredovora". Appl. Environ. 
Microbiol., 57, p. 1847-1849, 1991#Ji) o 
< Agrobacter i um tumef aci ens^Ofefirf^f A > 

tfifer^lifflffi Agrobacterium tumefaciens ^<Df\.$ki&& : ?-(DUlAli.^ 
m&mz&Mte&&&M&tJ:ir)'i : TO Ct&X'ZZo Agrobacterium tumefacie 
ns T'ft$:i&&; : ?-*:&mZitZtztt)lz\^ fl-fcifte^ A L/cf6^ * * - 

(fc£;l{±\ Agrobacterium tumefaciens ffl^? ^ — pBI121) £ Agrobacterium 

l o 
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tumefaciens leg A-$-<S<h<fc^ (Misawa, N., Yamano, S., Ikenaga, H., "Prod 
uction of /9-carotene in Zymomonas mobi lis and Agrobacterium tumefaciens 

by introduction of the biosynthesis genes from Brwinia uredovora". Ap 
pi. Environ. Microbiol., 57, p. 1847-1849, 1991 #Jfc) o 
6. fcftl&fcJ:**- YiJOf-J 4 K&S (bkt itiK^-fBSt) 

7 7 ;H->;i/t'DiJ>i( (FPP) lirtn^y-f K*?tt"?tt<. -fe^+f-^^ 

LTV*©TP. t^T©MtiS*WI^P^MHt FPP ££LT^ 
4(i"TTf**o $*&ttm Brwinia <OiiV*J4 F^WCTB^ 

FPP Z&WtLX, Haematococcus ©bkt jt&?Ktt©SK« "5% 0- * 

p^>, H?7*tf l/f^T^JfcStfSC&tfWP** (» 7 H*IR) „ ISW 
*»Btf#^tt<fflELfc«£1lK Saccharomyces cer 

evisiae. x^;-jl/4S»B Zymomonas mobi lis. fi^gjplRCinB Agrobacteriu 
m tumefaciens ic Brwinia <Dcrt itfc?S*£*AU :nt»Oi4W\ ^ffl 

ttffiLTl'S (Yamano, S., Ishii, T., Nakagawa, M. , Ikenaga, H. , Misawa, 
N. , "Metabolic engineering for production of 0 -carotene and lycopene i 
n Saccharomyces cerevisiae". Biosci. Biotech. Biochem., 58, p. 1112-111 
4, 1994, Misawa, N., Yamano. S. . Ikenaga, H., "Production of 0-caroten 
e in Zymomonas mobilis and Agrobacterium tumefaciens by introduction of 
the biosynthesis genes from Brwinia uredovora". Appl. Environ. Microbio 
1., 57, p. 1847-1849, 199k fc<fctf, «*M¥3-58786^&*#JlfD • 

LfctfoT, Brwinia f" K£/£itfc?i*<h*f§BS©DN A (ft 

MMlcliHaematococcus nf / 4 K^JiSitfi^bkt) *ffi*^*)*TH 
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of->£j&fc<&gteErwinia uredovora ©crtB N crtB^ crtk crtY it 
hS*A»*iti5?t?*5 Haematococcus©bkt itis^^^P®^ 

x** y >^4^^-S/ci6^{i, Erwinia uredovora ©crtE. crtB, crtK crtY 

iA&T-^vmn^mm^i^ * - pacyciso fcjfAL*::/?*- 

K WA.lt* pACCARl6AcrtX) „ JsiCf, Haematococcus©bkt itfis?*^*?*? 
fr**!!®^?*- pBluescript II KS+) icmALtzzTyXi K 

PHP51 (mi OHM) ) ©W75X5 K£*»« (tt*.!*. JMlOl) IC« 
AU *tl*s 0«;Ltf> 7>fcfi"J >4^o5A7xi3-^tLB*i|ll* 

fcii2YT^f©iit'3 o~3 TccDt&m&ftT'femtT't&mt. mw* 

<7^^+if>f-^ x 4->!r Hf7*1f >*:/©£*> 

■^7 + "9->f->^-J5jc{C^S^Brwinia uredovora ©crtB % crtB^ crtk crtY, 
crtZ it£ : ?fc«fctf^ hS^AK*itfi?T*S Haematococcus©bkt itfi?* 
*Bm*©*£4aHC*ALJ&«*tf5C±fc.fc»K LT. 7X^t 

>f i*<T^So bkt «£?©»£ l/^^OWW^lc J: 

*>&JSfc+ffl#:©4-'ir H?7*-y->f->fe»*c:<i:*<T**o 
fflUT7X^*t>f->, 4 Hf7**>f->*Mf Erwinia 
uredovora ©crtB. crtB. crtU crtY „ crtZitfe^^-^trSrK - ^-^:!®®^^ 9 
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- (0Jx.(i\ PACYC184) i;#ALfc^7X; K (0jx.ti\ pACCAR25 AcrtX) . *S 
Haematococcus©bkt »£i 1 £#t;»rJt£*B§ffi / <? *~ PBlue 
script II KS+) K (WX-tf, pHP51) ©fi^X; K£Ai& 

g («*.W\ JM101) Ci»AU *ft£. 7>t5"J>i?n5A7* 

<3'-t Kn*->Ji**/ 3-h Ko + >ai+^y 7i-3+t>f^ 

4£7*^yf->£j&Kj&ll$:Erwinia uredovora ©crtE. crtB. crtU crtY. 
crtZ &fc = f-&&tf>T hS^A»3!l«fi^T*)5 Haematococcus©bkt itfi^* 
*J®8l£©»£^Ki»ALfe^£tf££<!:K<fc , 9. iH^«5tLT> 7X^*t 

Ht*«JtLT. 3'-t Ko + fi*^/ 3-t Ka4 t ->i + *; >S^7x- 

^HB^CDDNAT'^S^lH^n^bktitfe^^ia^iiA/cy^X = KpHP51 £ 

Sft^ttL/ciSSiJ ©*:£©&* : DH5a(pHP51) 
$§t#"t : FERM BP-4757 

^ 1 Elti. Haematococcus pluvial is NIES-144 hg^AH&itlK 

^ (bkt) ©^sae^j ia- K$fts#u k©7 ^ ySfBeyij^^-To 
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S& 2 g| (i N Haematococcus pi uvial is NIES-144 <D>r hS^AK^iftfe 

=f (bkt) <Dt&&&n±3- K^ns^'j^^^ k©7 ^ ^wtmn^-r 0 

1&3EH1. *i& Haematococcus pluvial is NIBS-144 ©^ Hg#A&&ite 

^ (bkt) ©isaae^ <t 3 - Ksn*#y ^y^K©r $ y KBe^j^^-To 

JMHM\ Haematococcus pluvial is NIES-144 <D*r hg$AB££itfc 
? (bkt) ££frDNA*ll©&gBeyiJ&*1-o 0*. Ax Bfc«fctfCUMJ£=> K^O 

817 011, $£&£JIB Erwinia uredovora <Diiu=f-J 4 Y£.<kmmti] 

J&8EU1. Haematococcus pluvial is NIES-144 ©y hSVAS^lg 
? (bkt) &#££ft|fln Erwinia uredovora ©7K&S£ABI£ji£ : y : (crtZ) 
©&tl £ * h # o * y K©£g££jj)cgl&£*-f 0 

£9 011. H$ Haematococcus pluvial is NIES-144 <D*r hg^ABI^ilfe 
7- (bkt) £#jfc&JftJflft Erwinia uredovora ©TKBtS^AK^iHK? (crtZ) 

mi OHfcL mm Haematococcus pluvial is NIES-144 <D*r r-g$A&&% 
(bkt) &Str21I<D77X S KpHPSfcJitfpHPSl £jjrTo 

pHP5(lpSP0RT He, pHP51HpBluescript II KS+tC, lac O^nt-^-O'J 
- Kx;P-^S^S^[Sjlc#A$nTV^ 0 *»JPB»*13]»fSUtt(lft©J:-5{c^B& 
$nT^$ttW<5„ S, Sail; Ss, SstI; P. PstI; Sp, SphI; N, NotI; X, Xb 
al: K. Kpnl; Sa, Sad. 

$1 lEIli, mm Haematococcus pluvial is NIES-144 <D*r hg£A$£it 
fc? (bkt) ©M&a K>^t;«O^E^Ji&axl/-->3 >^7^i K 

% \ 21211. 4i& Haematococcus pluvial is NIES-144 Obktitfc^tDl. 7kb 
DNAWf^-^yu-yi Lfc. 3 SJS© Haematococcuslc#-r£t>--«f (^ 
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V— >1~3 : Haematococcus pluvial i s NIES-144 

V— >4~6 : Haematococcus lacustris UTBX294 

U— >7~9 : Haematococcus lacustris C-392 
V—y 1 , 4, 7 : HindIIItfHfc$J 
l/->2, 5, 8 : PstI 
3, 6, 9 : Xbal 

» c <fc 9 PB £ $ ft 3 t> © tt tt ^ o 

itfc^HmKffl^fcHaematococcus pluvialiste, BtBB&A iftl* - ANftUft 
"7 jJ — "5 A ( Global Environmental Forum )lCg&$ftTV*£ NIBS-144 
*S 0 Haematococcus pluvial is^-S*^ (6*-^*.* 0.2% N MJ •> 

A 0. 12%, l-7X'<y*> 0.04%, A • AtKW 0.02%, 

«lt»*Hft • -bTkTO 0.001%, • -7KW«3 0.002%) 

20°C, 12ft|UJ9)/'12$mtt (20#B/m2- s)7?^4B^# LAio X. Haematococc 
us pluvialis ©7 X?*1J->f-:<'&fi!i;£St3?3" Haematococcus pluvial 

is NIBS-144 #lcB*B&££&£&45mM, • -t7k*0«3£&&S£450// 

MfCttSJ^Ktax., 201C, 125/zE/m ! • sT'*<J12I^TO*LT, ->Xhjt 

[H$g£>l2] Haematococcus pluvial is©£DNA©§8$!! 
Haematococcus pluvialis NIBS-144 tt*400ml©S*«JCffiS LT20^C, ft 
&j&20//B/m a • s, BJB&1f'1'^>'H2WB^/i2^fitT^4Brai§SL/Co 

^*^©©^ffif*lC15ml©}lfitilSI®^(0. 1 M Tris-HCl pH8. 0, 0.1 M BDTA, 
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0.25 M NaCl, 0.1 mg/nl Proteinase K )£iJB;lT&L < ffi#U 55t!T?2B*|« 
§lLfc^ 6000xg> 10»IHk 4°CT'j&i>LXi£m®*fR<0m^o ±m»co.6 
fgfi©^ y yn/V-^JbD^ -20X)-C30M^4ntA:^x 7500xg. 15»KU 
tfCT?fltfj>Lfco ftJ8LfcDNA##$£2inl0TB&»&(lOinM r- 'J X-HC1 pH8.0. 1 
mM BDTA)T£ft¥U l?fi©7i/-^ : ? n o*/l/A(l:l)<»:?&&LT8&U 
±l£foHiLfco !BI^T80m1O5M NaCIi5ml<Dx^y-;l/^3!ipx.T-20 , CT30^ 
W»«Lfcax 12000xg> 15aiHk WZ&&ltZo StC70%i^y-;UT'ftia 
'J VXLfc^ &j&LT0.5 ml©TB&»&(10 mM Tris-HCl pH8. 0, 1 mM ED 
TA)i;:j£fi?U 2.5#1©10 mg/ml<Z>RNase A£jta;Lfc t>©£Haematococcus pluvia 
lis0£DNA&&£ L/C 

[^86013] PCRiCfc-SHaematococcus pluvial is fr£©crtZt9|H|$g#c©i|M$ 

Erwinia uredovorat Erwinia herbicolaOcrtZfefe^ (Misawa, N. , Nakagawa, 
M. , Kobayashi, K. , Yamano, S. , Izawa, Y.. Nakamura, K. , Harashima, K. , 
Elucidation of the Erwinia uredovora carotenoid biosynthetic pathway by 
functional analysis of gene products expressed in Escherichia coli.", J. 

Bacteriol., 172, p. 6704-6712. 1990 x Hundle, B.S., Beyer, P., Kleinig, H. 

, Englert, G. , Hearst, J. E. , "Carotenoids of Erwinia herbicola and an E 
scherichia coli HB101 strain carrying the Erwinia herbicola carotenoid g 
ene cluster.", Phytochem. Phytobiol., 54, p.89-93, 1991) K3-K£ft* 

No. 1 5' -GGNTGGGGNTGGCAYAARTCNCAYCA-3' 

No. 2 5* -CANCGYTGRTGNACNAGNCCRTCRTG-3' 

No. 3 5' -GCRTASATRAANCCRAARCTNACRCA-3' 
(N: A,G.C*fcliT , R: httzttG , Y: CSfcliT . S : U tfcli T) 
No. l£No.2&r>'No. liNo. 3©?I& - /7'fv-&<$oTHaeina toco ecus pluvial i 
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s O^DNA^ffi^-flSli LTPCR (polymerase chain reaction) ^n-itz* H** 
tl-t'tU ^7100 ngCDHaematococcus pluvial is ©£DNAf£$> &100 #M 
OS^'fv-, 10 mM MgSO^ lxVent Buffer(10 mM KC1, 20 mM Tris-HCl ( 
PH8.8), 10 mM (NHJsSO., 2 mM MgS0 4 , 0.1 % Triton X-100),250 #M dNTP> 2 
U Vent DNA polymerase (New England Biolabs, Inc.) \ztl2> «t n Kg&U 9 
4V SOW. 55"C ZOiPfSi. 72T 30tHBl?301J-"r St^t? 308>P«3, 6 
0T 30#Pb1 n 72t 30M-C301M ^ ^©SlC^fr-CPCR^ff^x 

[&lfcW4] Haematococcus pluvial is©£RNA©p|S8! 
Haema to coccus pluvial is NIBS-144 #£800 mlOgsM&Jfet-ltffi LT20T^ 
#5l£20#B/m' • s, HJHt-^-r ^;H2NfraBJ/12l^raB&T^4BP5^«Lv 
#&£E&S£45mM, 5ftKS&-& • t7kM£«&Sg450/zMJCtt S<k «? fcjn*. 
20^C. ^«125/zE/m ! ♦ sT'*<?12OT««L^o U *<k 

3 ml©IS0GBN-LS (Of*)- y # > v>- » *fti;U M-C5»IUUttB U 
■10*DOiM,A*flo3.fctt, 15fHffl»L<«#LT3£HJ. g&T'ifcHLAio 
12000xg. 15»RSk 4TT?aU>LT±«*J*HiU 2 ml©^ 7 7p'V -^Srin 
X.TlOflfu'k MTiScBlfe. 12000xg. 1D£HK 4*C"r«4>Lfco ttl»T70Xx 
^-MWli'J^Lfc^ &&LTlml©TB$»&(10niM r- 'J X-HCl (p 
H8.0), l mM BDTA)tC&/$?Lfck©£Haematococcus pluvial is©:£RNAf£&<h L 
tzo £©PitjftT?4. 1 mg©£RNA>&<ff bftfco 

[HJfcflJ 5 ] Haematococcus pluvial is©cDNAf§^ v <i 7? U -©ftS! 

=*x? ?*-dT30X-'<- (^Sii (#0 ) £fflV*T Haematococcus pluv 
ialisO±RNA^lmg^t>^UA+RNA«-*SSS!L/Co »«#ttM^ S&ttOfilfittW*© 
Qim*mz'& o /Co £ ©*&8!!:fr&Tttl4 a g©# U A+mRNA£*S8!l L/co 
cDNA©ftftm, ^-A'-X^jyHM^7X; K/XfA (GIBC0 BRLtt) 
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A+RNA £ffl<,\ fflm&%HolWmmffl t timers®* V :*dT^£>*£6&l£DNA£ 
75f v-i LT&ifteW ^SUPERSCRIPT RT-efiliiaDNA^^L, ^TE.col 
i DNA 'J#-4f. B. col i DNA #!l/7-tf, B. col i DNA RNase H£BH>T2#|§ 
cmkZ&J&LtzVk. $>JPB»*Sall©'J >*7-£T4 DNA «J #--t?T'*££;lF-tf\ & 
^WJCcDNA©±gi£*JjS*<Sal ISflft, * 'J AOT^NotlSBftlCtt £«fc 9 Ltz a 
mHftfb&ZR^X. CftbcDNA©-**^®^^ 0. 7kb~3. 5kb©fSB©# 
WZM&tZo C©ftii©cDNAft28 ng£35ng©cDNA8S'<? * -pSPORT 1 (GIBCO 
BRL tt) £ Not I £SalIT'MLrt:t>©<!:£±*-y Hc#f*tlT^*5-f 
•> 3 >/<. y -7 r-(50nM MJ X-HC1 pH7.6, lOmM MgC12, ImM ATP, lmM DTT, 5 
X PEG 8000)&.tfT4 DNA U #--tf£ffl^T-5 <Y Y- > a >Lfco COcDNA^S^ 
?*-pSP0RT I«x SalIfiBfl[©±«£{Clac7a*-^-^fe^. *BIgrt-??cDNA 
^f&^-tf-SC^-e^S^^-T&.So W y- •> a > LfcDNA?g&£ 

itftoT, Molecular Cloning 2nd edition : Cold Spring Harbor Laborator 
y ,1.21-1.41 <.im)<Djj&\Z'&-DXfflMLtz*:Mm (Escherichia coli) DH5<r 
03Vtr> h-tr/l/©J^S<i^^ff^fco fi4JiOif<£»^it.n, Ctl 
«=>££"C3l#>£:&s Molecular Cloning 2nd edition : Cold Spring Harbor Lab 
oratory .1.21-1.41 (1989)©;£&(cftl\ 75X5 KDNA£fSS? L/c 0 -t©*^ 
0.6 mg©75X5 KDNA#<&t>tU Ctl£rHaematococcus pluvial is©cDNA££?1 5 
-Y75 U — <t L^o 

[|li!!6] ^ ^SafA»*iliK^^L^I®ffi©feiS^'fl:^f«JfflL/-cX 

(i) /s-^D^>^^B§ei©M 

Erwinia uredovora©crtZJ£Wi©# D-f y ^ K^Jifcilfe^SKcrtX, crtE. crtY, 
crtl, crtBitGH 1 ) ^Wt"-S75X5 KpCAR16 (Misawa.N. Nakagawa.M. Kobaya 
shi.K. Yamano, S. Izawa, Y. Nakamura, K. Harashima, K. . "Elucidation of the 
Erwinia uredovora carotenoid biosynthetic pathway by functional analysi 
s of gene products expressed in Escherichia coli." J. Bacterid. , 172, p. 
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6704-6712.1990. &tf#B8¥3-58786^&f8#lBD ©BstElI?8fl:, Klenowg££#i 

-ti-fcSL /9-*D^yjg|^IC^i|/«£crtE.crtY,crtI.crtBil<E^^#t; 6.0kb©As 
P 718(Kpnl)-BcoRI»rK-^i3!]Oli}L^„ ZVftKZKMm^t 9 -pACYC184 (ATCC 
37033 <tOA#) ©EcoRV$&i;:J$ AL, BW£-rS75XS K ( P ACCAR16 Acrt 
X<b<ft£) C©pACCAR16AcrtX£W^S*fl§®W- ?d5A7i-3- 

(2) ^hS&ABI&itfc?©** 

yh^ofy Ktt* Haematococcus pluvial isrt"e«j8-# Df- 

(Britton.G.. "Biosynthesis of carotenoids". Plant P 
igments. London. Academic Press, 1988. p. 133-182. (Goodwin. T. W. ed. ) # 
IS) o ^CT"±!B©pACCAR16AcrtX^^-rS^BSffiJM101*<i9-^Df-> (It 

hi) >**tf>f->d<£j£3nS£*»»©feHrt < i8-;& Df>0»b* > 

Molecular Cloning 2nd edition : Cold Spring Harbor Laboratory , 1. 
21-1.41 (1989)©;£ft£ffilK pACCAR16AcrtX*ff*M"S*HKJM101©=i>e' 

ifctc. :03>ff>h*;H mlicft LT100 ng©cDNAf&3!^ -f 75 'J 

Ais m75®(Dmn$z&mzm,Tx9 y-->/*ff^s flfe©tt£feH#* 

>**-9->^><hl^£) £©##*** LTl*«cDNA363i>' , 5XS K*pH 

P5t^L/c 0 KpHP5©«jS**10Hk:^"ro 

[£Msfll 7 ] >rY J6*A**a(£^©£iSE*J*£ 

pHP5(C# A£tlT^£Haematococcus pluvialis£&©1.7 kb cDNA£#]PB6*& 
SalliXbal TtfJ«3tfiU ^Mfit? ^-pBluescript Ii KS + fccfctfpBluescrip 
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t II SK+©SalI/XbaIfi|JftKJ¥ALT. 2ig©75Xi K (pHP51fc«t t>'pHP52i 
<ft£) ^ifco :<0^^7X; KpHP51O$IJPB^«6g|^^10EllC^-ro PHP51 
S.O*pHP52(i s -en-t-'n, ±f2cDNA*<lac©yD*-?-©y- Kx;U-£gtt6 
7j|S] Rtfgtf 1^|S|KIPA $ tlXtz t> ©T-* S o 

tt®ltzzr?Xi KpHP5U pHP52lCo^T&T©#IIE^«*®£$©&££W 
-r*X$=£#l#tt9il£iTl.\ *ftbK^T&gE^J©«5££fro*:o pHP5HiS 
adiXbali-e^iSL. pHP52«KpnI<tSalI<hT^ft¥L/c^. 7i;-*/?pp 
*A'AJfcaj£ffl\ x^y-^/ttJRCJ:»)DNA*ElJRLfco *n*-'*l©DNA£lO0 
#l©ExoUI'<? 7t- (50mM Tris-HCl. lOOmM NaCl. 5mM MgCh, lOmM 2-/ Jl 
t)-fYx-9 J PH8.0) KSftfU 180J.x-y hOBxoIII? ? UT-^f^1S\A. 

TMXX'&M.LtZo 30tl>r<i:IC10 ul (DKl&mWL*-* >7 V yft LT. 10 #1 
OHBn' 7 7r- (40mM NaCI, 2mM ZnCU. 10%^ 'J -t?n pH4.5) CAofc 

?K±o^^-^Jc^Lfco *>yy>^»7«. «&tifcio*©f-»-?'*65 , ic\ 

10£llflfcfiLT***$cS3i*-fc&* hOv>/h'->7 * 1/7— If* 

tax.T37 , CT?30»«fi'Lfc. Kfetit* Trtv -xy;l/«»i:«k t) . lo©7 

L/cDNAliKlenow #*CJ: •3***¥flHb-U 16t:, -18:5^ a >5JEL 

*B§SDH5<r£J&@<£&L*:o ^ £ttfc«* © * o - ^{Co^TT^ X $ 
K*WMU 7^5 -f K^*->XtA (80 ©&*;7 5 -f — »M ? ;U->- * 

&£Lfcl677 (bp) frh>tiZ>mn*%AW1S&tf%5m (E#J#^ 

4) lc^^- 0 ^-^>'J-f-f>/-7U-A^O^ *H8rt 7! 

-f>/7l/-A (1&1EI©A~D (B£?iJ*©B£7iJ#^- 5 ic^f) , S&2EI©B~ 
D (K?iJS©&yiJ#^ 6 IC^-T) , !&3ia©C~D (E?>J&©E?i]#^7 Jc^ 

rtT'©B*&i£tea<&< tt£©T'. Cttcfc^TifiKte. Mte^ K>«ffftLttl.^ 
^•x. £tt* Ctfrb. #3 EI©C J: »)TiilE©£i#lc:ol>T{i±E©*-7 p > y - 
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] * hS«AKM^OM«g3 K>©ft* 

*&a K>©^t6ttj&<*S*ttM:* 5frBr (£g&@168~170, 189-191, 264-26 
6s 348-350, 423-425, cn&OttlttflllHJiliS^Ttt'THfetlT^S. ) 

milEUc^-rM*&3 K>«C*5#S168 tt©£g, 189 &©££, 45 J; 
C/264 ft©£g(i, *ft*'*l, mi El© A, $&2EI©B, fc<fct>*J& 3 El© CT** 

^Lfc^5X; F^lftSLfc. ftllBKtt* *n*tl©fc*7 5 * -5 K© 
«i±g{£*«S&S^^to K**lfe«6lcELfcpACCAR16Acr 

tx*«#*s*H«jMioiic*n*n*AU *©**6**rajeLfctt». #-t 

30, 27, 31, 37, 12©^5fe^5X5 K4r«»*.5*Il«T?M\ *7 
^©&£6<fifti6&ftft:d< % ##10, 6, 38Tt*B6&ftttJ^o£:o ##12 
©!§&, 8g&g264-266©M&3 K>ATG©A£T'ri<*£LT I 
fc*f^LfclRfcC©ATG;&<GTG£tt0\ *MttGTGT?feBM&3 K>iB«IL? 
4:^6, £©&g©M&3 K>fr K&Ji&*<*&*oT^S<!:**&ft 
So Lfcj&<-5T264~266©MJ&3 K>JHT©*-^> U — r «f I/- A <J& 
3E1©C-D (EW*©EW##7lc*+o ) ) = - K$n*# U^^f- Ktt 

[£lfcfl|9] y hrtofV * Kfe*©HJ6 
(1) ^>©|I|£ 

pHP5*A:ttpHP51*/8-*af->S4^:IIBJM101lc*ALA:4>© (*HB (pAC 
CAR16AcrtX, pHP5£ fc(ipHP5D) (ttfe*SLTC*S) * 150 #g/nl©7> 
h*i/'J> (Ap, 93ft8gXS) , 30 jug/ml©? p v A 7 *r.3-/U (Cm, = # 
S2) , 1 mM©IPTG, 7 mg FeSO, • 7H l 0fc«fcD t 9. 3 mg Na 2 • BDTA^^f 2YTW 
(1.6% h 'J7*h>, 1%-f-* hi + X, 0.5% Nad) 2U * h^T, 30^, 24 
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~3oi^raigsL/co mmmfrt>&mLtzm#z. 300 mi ©r-t? hyjcj^ji&aj 

L/Co cn£«*g&. 200 ml ©^dd*^/^/-* (9/0 -??2igtttfJ 

u fttt&iBL*:. :ft*'M©^oD*w>^>-^ (9/0 1- 

*9J-fr (50/1) T?RM-*-SC£fcJ:*K »i?D7h/77-f- (TLC) * 
ffofco C©TLC ICfctK MiRffS0.53, 0.78fc«ktfl ©37*» H:* 

j^nfco «nij*nfcfe*^©75xizfiS"rs«t>»^*fef&*(Rf fito.53) 

TLC7U- M^frifcofc. £ ic/jNft® ? o a */!/£/> * 

(9/1) <Cftjg& -b7 r x^^LH-20^7A^DV h^77-f - (15 X 3 
00 mm) tefrtt* ?dp*;1/A/> 9 J -to (9/1) Tg&B&Hi-^* C <!: tcfc 0 > 
tt&&2 mg^fco **R©*^-Rra^^^ ^ 'H-NMR. FD-MSX^^ (m 
•/e 564) „ i/ V ij Y MLC<D&Wim (9 o v 9 J -)\< (50/ 

i) xmmxRi mo. 53) ay***:^ >©&#.& (BASFttii) t-r^r- 

£/c. SttfCffltU$nA:fe*©10%(Cffl^-rS^fefe* (TLC -TRHitO.78) 
TLC -JV-YfrbfrZt*), 4>*©> f J - MZ&ti^LtZo C©fe&©&ft-^J 
&X'<9 hA\ *y^TLCO^I&K (^DD^A//^;-;l/ (50/1) ~c 
JSB8T'Rffcl0. 78) . >/0<y ?HR6#C,.(3.9 x 300 mm) 

XttSS) £ffl^fcHPLC©#»fi (T-trh-hU/U/ *9J-to/2- 7v'*J-)\< 
(90/6/4)T'l. 0 ml/ #©il£T©K0l|-eRT16#) (8fi£5£ttm8 

1)£TLC yu-h^^^lt^ 'P*<D* 9 J -)V\Zl&frLtz 0 C©fe&©&#- 
-nT&X'** h;K fccfctf, y^<^*-y^HR 6// C. (3.9 X 300 mm) (V*-9 
-XttS!) Zm^tz\iPlC<D&W}& iTMY-YVfr/** J-»'/l-'f*'*S- 
)V (90/6/4) T1.0 ml/ #©&«T©flBll-eRT62#) 0 - o ^ >©&*£ 
& (*-J\>hyy*M. Sigma &$!!) i^T-ife L/c*:a6. *«jRtt*R£© 
&-iju=f-y («figi!Ui& 8 0#JRD f*5:t^ofc, 
(2) 7X**1J->?-:'\ 4 -V h-t?7*-tf->3 L >©I^£ 
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#7*1f>*>££*BB*i*©J:3KLTftMLA:o *Ut>*>, Br. uredov 
ora © ^.-huf-j j h* 2>7? X x K PCAR25 (Misawa, N. , 
Nakagawa, M. . Kobayashi, K. , Yamano, S. , Izawa, Y. , Nakamura, K. , Harash 
ima K. , "Elucidation of the Erwinia uredovora carotenoid biosynthetic p 
athway by functional analysis of gene products expressed in Escherichia 
coli". J. Bacterid.. 172, p. 6704-6712. 1990*5 «fctf#M¥3-58786 ^) © 
$ijpg$& BstEII mits Klenow fragment Y--> a yRfoZ'n i C t 

*-<fc*9. crtX ilfe?*7U-Ai/7 YK£t)$:m$lktz®., *V >m 
£fc#3?ttcrtE. crtB, crtU crtY, crtZ 6.5 kb Asp718 (Kpnl) 

-EcoRl KfrfctttJrtfLfco *LT, dOBrtt^BB"***- PACYC184 © E 
coRVSB&ICjf AL, §Wit5^7X; K (pACCAR25AcrtX£<$>£) £f#fco 

pHP5 * tt P HP51 £ d © #7 > f- >B^BB JU101 Kt» A L fc © (*B 
m (pACCAR25AcrtX, pHP5£ fctipHP51)) (ttft*SLTl»*) £ 150 #g/ml 
Ap, 30 #g/ml©Cm, 1 mM©IPTG, 7 mg FeS0< • 7H 4 0fc«i:y : 9. 3 mg Na 4 • BDTA£ 
Stozmm (1. 6% r- 'J 7 r- >, 0.5% Nad) 2'Jy r-yUT, 

30T, 24~30B*HUaBLfco fcBBfrfcHBLfcBfc** 300 ml ©7-fe h >{C 
«fc*)«lltiLfc 0 C*l*BBlft, 200 ml CjontwVV^y-^ (9/1) V 

2 Eajfitt l, m&$tmLtz 0 £t>jc, cn^'hsc^na^uA/y zj-k 

(9/1) IC&jggL >^^tt«©»IRffl->'J*yyl/TLC^l/- h*ffl^T, *d 
o*;w»/y (15/1) T'SM^SCiJcJ;^, »B* n^e h 75 7 * 

- (TLC) ^-ftofco 7C©&fefe*tt, C©TLC{C«fcO, Mi, Rf B 

0.40, 0.54, 0.72©3X#y KC^tlfc. Ctl&©ifeB*, 
i^iofcgt, ^to?DD^;l/A/^^;-;i/ (9/1) izfcMU t7 7 f^ 
XLH-20/77 d-7 r-r5 7>r- (15 X 300 mm) fcjWJs ?dd*W/^ 

y-^ (9/D T'ju^^tB-racijcj;^, &*©»&a** -en-en, tii mg, 

1 mg, 2 mglffco 

«itti*nfcfeB^ft:©^»icfia-r* Rf o.72©fe$i±, B^-nra*^* 

h/t>, 'H-NMR, FD-MSX^* \ )\, (m/e 596) ©*SBJ:»K >^ 
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;U : 2-7v*J -)V : x.2 J 5:5:2 CD*'*? Y JlZW&Ltz 

tZh, 3S. 3' S(D&ftffi&££ZC tfrhfr^tztzft, *«!f^7X^+t> 
f-y W&&lt% 8 EI#JRO £Ir!£L/Co Rf 0.54©fe${i, *©&tt- 

h/K 'H-NMR. FD-MSX^^ h-rt/ (m/e 582) % fc«fctf, ^'J^y;HL 
(?no*;l/A/y 9 J-)\< (15/1) TOJSMT'RffflO. 54) A>t>, 4 
H?7*"fr>f-> OBt&iUilfc 8 El#!80 t|il^$nfco Rf 0.40 

9 J -A/ (15/1) T'SM7?©Rffit0. 40) . fcj:t>\ y y *HR6//C. ,(3. 9 x 
300 mm) ( * - ^ - XttH) WcHPLC©#I&ffi y * y 

-;W2- yD/<y-/KOO/6/4)-ei.O ml/ #©&&T*©g&fl-?fRT6. 5 #) riH?7 
+t>f >OW D (BASFttK) i^-^r-StLfc^Ji). *«sHtt*Rl60-lf7 

HSfe0>J9 (1) «tl9x Haematococcus©^ HS^AKf&itfc? (bkt) tt % £-*7 
hg$AS*£ (^-carotene ketolase) K LT^S C ittBfrT-** (* 

8gi#«a) o coctiii o©»^BKT*</s--r^-y >$© 4 fit&tf 4 • *t©y 

*»o**tt4-*Tjne>nTV>tt^ofct>©77**o ^Jfe0!I9 (2) <fc 9 > 

Haeaatococcus©bktift£?(*. ±E«Di£«:&*fc, #7*-* >^ >£SB<h L 
T, 4--!r h-b'7*1f >^>£&T7X?*1f ^^©^^te^S^ 
£A#* (zeaxanthin ketolase) *3- KLT^* Z. t ttW*T?*4 (51 8 EI 
M) . C©C£l;Uo©g*&BKT>&<3-Rtf 3* -k Kn + f-JS-ra-y 
4 {4*J«taf 4 ' <4©y f-U>»*^*tt*)!r hSfcgfcLTL* ? C<h£*LT 
C©^-9^«tl^o»^fe^iT-tot>nTl^j:^oA:fc©T*So L£ 
im, Haematococcus©^ hS^AK^ae^bkt (i. 3 fit ( 3 ' fit) ©fit! 
{ctKKSWAdLT^S tTV^^^^c*^^^^^9^<, 4 fit ( 4 * fifc)©y^l/> 
SS-^ilte')^ hS(c^tS/9-l'^y >*fcli3-b KD + i/-/S--r^-y >S3 
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*r H2#A8*& (/S-ionone or 3-hydroxy-j8-ionone ring ketolase) K 

— 2u «[«j1|tft»HBrwinia^>*^JSIBfilRhodobacter©/»Df-y-f K£fi£it{£ 

Uvf-J 4 Ftt¥<D¥ftZV&%iLxr?mtZZti)<Vlfrfcte-iX£tZo iztx.lt. 
Brwinia© 'J 3 tT >M#£il£?-?&ScrtYW 'J 3 t* <fo£M 
LT^-fb^So Lfci<oTx Rhodobacter©7 4 r-xy-rU"^ a 5 --tfitfe^crt 

CftlcErwinia0crtY£ftffl£-tf-S£. ^ •< U S 'J = t?>£#» 

uf>«4tS (Linden, H., Misawa, N., Chamovitz. D., Pecker, I., Hir 
schberg, J., Sandmann, C. , "Functional complementation in Bscherichi 
a coll of different phytoene desaturase genes and analysis of accumulate 
d carotenes". Z. Naturforsch. , 46c, p. 1045-1051, 1991) • ttz, #»91ic 

*>i*Tfc. 0-ijvf->\zm*ftmisik&t* t-f ioy hS*<*A$n^x+ 

*y n*U 4?7 + *>f->lwBKT*ftffl»-a:*i% *f lofrMt 

ErwiniaCcrtE, crtB, crtK crtY, crtZ a&F&ti'fS^IRBttx ffi&Lfc<fc 
oic, -l?7*-!r *©+MftWfttti LT. 0-iiu*y\z. 

1 o*tta6A<*A$*ite/8-^ U 7 

^C(rBKT*<#«-r5i. 0-9 x )~f V +1f >£8SS£ LT3' - 1 K 

tt^fcJ&-e*3£»fcft*o Haematococcus£&X,-ett£W7 
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^>^^^jT*-5Phaffia rhodo2yma{Cfc^T(i, TX^+lf^^Raft 

(Andrewes, A. C. Phaff, H. J., Starr, M. P., "Carotenoids of Phaffia 
rhodozyma, a red-pigmen ted fermenting yeast". Photochemistry, 15. p. 100 
3-1007, 1976) o JBLh©£<t:<ktK %BMiZirsltz7Zfi*D-> ! f-><D2.mRPii 

[%Mm 1 0 ] ffeO&HHaematococcus ©Sfefett D N A IZ#+ Z> IHf >##f 
ftfe©iliaSHaematococcus ©*fe#±KJ|Hi L fcbkt t«Htt*3i%-r«**<» £ 
il&^&fr'&ttttLfco %lfcffl2 KELfcHaematococcus pluvial is NIBS-144** 
^>©^DN AO^SySilH] i:^STHaematococcus lacustris UTEX 294£Haemat 
ococcus lacustris C-392 ©£DN A&S5I88 Ln Haenatococcus pluvialis NIES 
-144©±DNA<!:&{C$iJ|!8&&HindlIL Pstl£> £ WiXbaI"Z?$Hb L*C7/f a — 
*y**fc*»ttT$HiLfc. #8IL*:DNA»rtt£0.5N NaOH . 1.5M NaCl © 
7^*; >/ ftMT7£ttL*:tiL -ftWt-fti» >yi/>i:h7>X7r-$ 
DNA*<IR#Lyi^'f D^y >yu>^v^ryijy>r^-v/g (6 
xDenhardU 5 XSSC * 0.2X SDS, 100/zg/ml ssDNA) icgL, 4 55tT' 
7l/>W yj^1f-> s y£fro/c e fcicbktatfc?©1.7kb DNA&rtf£Meg 
aprime™ DNA labelling systems (7^-> + A) £ [a-"P]dCTP (-110 TBq/ 
mmol) £*fflt,»T«MtU ±82©^ 7'J *W 4?- ♦> 3 >»jftlcJpiLT16 

xSSC . 0.1XSDS TOOT^ 1 ttMftfrU *- h5^^5 7-f -J-J:oTffli5] 
*>^-*-;U£tfcfcb Lfc*S£, Haenatococcus pluvialis NIES-144-Clix Hi 
ndlll $fl;^T15kb, lOkb, 1.9kb % Pstl^«t?(i6. lkb „ 3.3kb . 2.8kb % 
2.3kb , 2.0kb > 1. 4kb % 0.8kb > Xbal#Ht4r?5. lkb ©&uUc-en^n5fel^> 
yj-)W&t>tlt.o CtlKftLT, Haematococcus lacustris UTEX 294t?fcL Hi 
ndlll #Hfc#m5kb. 7.7kb . 1.9kb . Pstl^^^-^lOkK 5.0kb , 4.0kb % 3. 
4kb . 2.9kb . 1. 5kb . 0. 82kb. XbaI^MT«20kbei±©D N A©&frf tzifiz 
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^M'tl&^is r-fjVtf'&btl, Haematococcus lacustris C-392 Hindi I 

I flHt*n?15klK 12kb, 1. 9kb . Pstl78fl;<&j-e(i6. 5 kb. 3.0kb N 2.3kb „ 2.0k 
b , 1.4kb , 0.8kb , XbaI$fl:$JT(i5. 3 kb©&llic*fteft&^ v/^;U;(i<*f 
htltz (£120) o 
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ffi^JS-t: 1 

mnoMiZ : 3 2 o 
mmom .rum 
btfuv- : earn 



: Haematococcus pluvial is 
: N1BS-144 

Met His Val Ala Ser Ala Leu Met Val Clu Gin Lys Gly Ser Glu 
15 10 15 

Ala Ala Ala Ser Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin 

20 25 30 

Tyr His Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu 

35 40 45 

Lys His Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly He Thr 

50 55 60 

Met Ala Leu Thr He He Gly Thr Trp Thr Ala Val Phe Leu His 

65 70 75 

Ala lie Phe Gin He Arg Leu Pro Thr Ser Met Asp Gin Leu His 

80 85 90 

Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser 

95 100 105 

Ser Ser Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe 

110 115 120 

Leu Tyr Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly 

125 130 135 

Thr He Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn 
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140 145 150 

He Cys He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His 

155 160 165 

Arg Lys His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys 

170 175 180 

Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe 

185 190 195 

Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg 

200 205 210 

Leu Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met 

215 220 225 

Ala Asn Leu Leu Val Phe Met Ala Ala Ala Pro He Leu Ser Ala 

230 235 240 

Phe Arg Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu 

245 250 255 

Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala 

260 265 270 

Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr 

275 280 285 

His Phe Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro 

290 295 300 

Trp Trp Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu 

305 310 315 

Val Pro Ala Leu Ala 

320 

BS?tJ#-f : 2 
SS?l|©g$ : 3 1 3 
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&^9£ : Haematococcus pluvial is 
: NIES-144 

mm 

Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser Ser Pro Asp 
15 10 15 

Val Leu Arg Ala Trp Ala Thr Gin Tyr His Met Pro Ser Glu Ser 
20 25 30 

Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro Pro 
35 40 45 

Ala Ser Asp Ala Lys Gly He Thr Met Ala Leu Thr He He Gly 
50 55 60 

Thr Trp Thr Ala Val Phe Leu His Ala He Phe Gin lie Arg Leu 
65 70 75 

Pro Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala 
80 85 90 

Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His He Ala 
95 100 105 

Ala Yal Phe He Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe He 
110 115 120 

Thr Thr His Asp Ala Met His Gly Thr lie Ala Leu Arg His Arg 
125 130 135 

Gin Leu Asn Asp Leu Leu Gly Asn lie Cys lie Ser Leu Tyr Ala 
140 145 150 

Trp Phe Asp Tyr Ser Met Leu His Arg Lys His Trp Glu His His 
155 160 165 

Asn His Thr Gly Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly 
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170 175 180 

Asn Pro Gly Leu Val Pro Trp Phe Ala Ser Phe Met Ser Ser Tyr 

185 190 195 

Met Ser Leu Trp Gin Phe Ala Arg Leu Ala Trp Trp Ala Val Va! 

200 205 210 

Met Gin Met Leu Gly Ala Pro Met Ala Asn Leu Leu Val Phe Met 

215 220 225 

Ala Ala Ala Pro He Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly 

230 235 240 

Thr Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser 

245 250 255 

Gin Val Met Ala Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp 

260 265 270 

Val Met Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp Glu 

275 280 285 

His His Arg Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His Cys 

290 295 300 

Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 

305 310 313 



ae?ij#^ : 3 

&?IJ©S$ : 2 8 8 

&M%> : Haematococcus pluvialis 
: NIES-144 
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Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His 
15 10 15 

Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly lie Thr Met Ala 
20 25 30 

Leu Thr He He Gly Thr Trp Thr Ala Val Phe Leu His Ala He 
35 40 45 

Phe Gin lie Arg Leu Pro Thr Ser Met Asp Gin Leu His Trp Leu 
50 55 60 

Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser 
65 70 75 

Leu Leu His lie Ala Ala Val Phe lie Val Leu Glu Phe Leu Tyr 
80 85 90 

Thr Gly Leu Phe lie Thr Thr His Asp Ala Met His Gly Thr lie 
95 100 105 

Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn He Cys 
110 115 120 

He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His Arg Lys 
125 130 135 

His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys Asp Pro 
140 145 150 

Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe Ala Ser 
155 160 165 

Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu Ala 
170 175 180 

Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn 
185 190 195 

Leu Leu Val Phe Met Ala Ala Ala Pro lie Leu Ser Ala Phe Arg 
200 205 210 

Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu Pro Gly 
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215 220 225 

Pro Ala Ala Cly Ser Gin Val Met Ala Trp Phe Arg Ala Lys Thr 

230 235 240 

Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr His Phe 

245 250 255 

Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro Trp Trp 

260 265 270 

Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro 

275 280 285 

Ala Leu Ala 
288 



Be?iJ#^ : 4 
EyiJ®g$ : 1 6 7 7 

wmom. : mm 

mmomm : cdna 
mm 

&M%x : Haematococcus pluvial is 
: NIBS-144 

CGGGGCAACT CAAGAAATTC AACAGCTGCA AGCGCGCCCC AGCCTCACAG CGCCAAGTGA 60 
GCTATCGACG TGGTTGTGAG CGCTCGACGT GGTCCACTGA CGGGCCTGTG AGCCTCTGCG 120 
CTCCGTCCTC TGCCAAATCT CGCGTCGGGG CCTGCCTAAG TCGAAGAATG CAC GTC 176 

Met His Val 
1 

GCA TCG GCA CTA ATG GTC GAG CAG AAA GGC ACT GAG GCA GCT GCT TCC 224 
Ala Ser Ala Leu Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser 
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5 10 15 

AGC CCA GAC GTC TTG AGA GCG TGG GCG ACA CAG TAT CAC ATG CCA TCC 272 

Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin Tyr His Met Pro Ser 

20 25 30 35 

GAG TCG TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC GCC TAG AAA CCT 320 

Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro 

40 45 50 

CCA GCA TCT GAC GCC AAG GGC ATC ACG ATG GCG CTG ACC ATC ATT GGC 368 
Pro Ala Ser Asp Ala Lys Gly lie Thr Met Ala Leu Thr lie He Gly 

55 60 65 

ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA ATC AGG CTA CCG 416 
Thr Trp Thr Ala Val Phe Leu His Ala lie Phe Gin lie Arg Leu Pro 

70 75 80 

ACA TCC ATG GAC CAG CTT CAC TGG TTG CCT GTG TCC GAA GCC ACA GCC 464 
Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala Thr Ala 

85 90 95 

CAG CTT TTG GGC GGA AGC AGC AGC CTA CTG CAC ATC GCT GCA GTC TTC 512 
Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His lie Ala Ala Val Phe 
100 105 110 115 

ATT GTA CTT GAG TTC CTG TAC ACT GGT CTA TTC ATC ACC ACA CAT GAC 560 
He Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe lie Thr Thr His Asp 

120 125 130 

GCA ATG CAT GGC ACC ATA GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC 608 
Ala Met His Gly Thr He Ala Leu Arg His Arg Gin Leu Asn Asp Leu 

135 140 145 

CTT GGC AAC ATC TGC ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG 656 
Leu Gly Asn He Cys lie Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met 

150 155 160 

CTG CAT CGC AAG CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG 704 
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Leu His Arg Lys His Trp Glu His His Asn His Thr Gly Glu Val Gly 

165 170 175 

AAA GAC CCT GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG TTC 752 
Lys Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe 
180 185 190 195 

GCC AGC TTC ATG TCC AGC TAC ATG TCC CTG TGG CAG TTT GCC CGG CTG 800 
Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu 

200 205 210 

GCA TGG TGG GCA GTG GTG ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT 848 
Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn 

215 220 225 

CTC CTA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA TTC CGC CTC 896 
Leu Leu Val Phe Met Ala Ala Ala Pro Me Leu Ser Ala Phe Arg Leu 

230 235 240 

TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG CCA GGC CCT GCA 944 
Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala 

245 250 255 

GCA GGC TCT CAG GTG ATG GCC TGG TTC AGG GCC AAG ACA AGT GAG GCA 992 
Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala Lys Thr Ser Glu Ala 
260 265 270 275 

TCT GAT GTG ATG AGT TTC CTG ACA TGC TAC CAC TTT GAC CTG CAC TGG 1040 
Ser Asp Val Met Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp 

280 285 290 

GAG CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG CAG CTG CCC CAC TGC 1088 
Glu His His Arg Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His Cys 

295 300 305 

CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT GCC TTG GCA TGACCTGGTC 1137 
Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 
310 315 320 
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CCTCCGCTGG TGACCCAGCG TCTGCACAAG 
GGCAGCGCAG TGCACTCTCA GCCTGTATGG 
TGCCACTGAG CACTGGGCGT GCTACTGAGC 
TACTGACAAT GGGCGTGCTA CTGGGGTCTG 
AGTAGCGGTG GCCAACGTCA TGTGGATGGT 
TTTGAGAGGG CTAAGTTATA AATCGCATGC 
GGGAAATCCC TTCGAGAGTG ATTATGGGAC 
TCAGCAGCAG TACTTAGTGA GGGTGAGAGC 
AACCTGGTCA GCGAGGTGAA CAGCCTGTAA 



PCT/JP95/01640 

AGTGTCATGC TACAGGGTGC TGCGGCCAGT 1197 

GGCTACCGCT GTGCCACTGA GCACTGGGCA 1257 

AATGGGCGTG CTACTGAGCA ATGGGCGTGC 1317 

GCAGTGGCTA GGATGGAGTT TGATGCATTC 1377 

GGAAGTGCTG AGGGGTTTAG GCAGCCGGCA 1437 

TGCTCATGCG CACATATCTG CACACAGCCA 1497 

ACTTGTATTG GTTTCGTGCT ATTGTTTTAT 1557 

AGGGTGGTGA GAGTGGAGTG AGTGAGTATG 1617 

TGAATGACTC TGTCTAAAAA AAAAAAAAAA 1677 



B£5>J#^ : 5 
B2?|J©SS : 9 6 3 

mnom : mm 

: 

ge^'Joa^ : c DN A 

: Haematococcus pluvial is 
: NIES-144 

ATG CAC GTC GCA TCG GCA CTA ATG GTC GAG CAG AAA GGC AGT GAG 45 

Met His Val Ala Ser Ala Leu Met Val Giu Gin Lys Gly Ser Glu 
15 10 15 

GCA GCT GCT TCC AGC CCA GAC GTC TTG AGA GCG TGG GCG ACA CAG 90 

Ala Ala Ala Ser Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin 

20 25 30 

TAT CAC ATG CCA TCC GAG TCG TCA GAC GCA GCT CGT CCT GCG CTA 135 

Tyr His Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu 

35 40 45 
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AAG CAC GCC TAC AAA CCT CCA GCA TCT GAC GCC AAG GGC ATC ACG 180 
Lys His Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly He Thr 
50 55 60 

ATG GCG CTG ACC ATC ATT GGC ACC TGG ACC GCA GTG TTT TTA CAC 225 
Met Ala Leu Thr lie He Gly Thr Trp Thr Ala Val Phe Leu His 
65 70 75 

GCA ATA TTT CAA ATC AGG CTA CCG ACA TCC ATG GAC CAG CTT CAC 270 
Ala Me Phe Gin lie Arg Leu Pro Thr Ser Met Asp Gin Leu His 
80 85 90 

TGG TTG CCT GTG TCC GAA GCC ACA GCC CAG CTT TTG GGC GGA AGC 315 
Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser 
95 100 105 

AGC AGC CTA CTG CAC ATC GCT GCA GTC TTC ATT GTA CTT GAG TTC 360 
Ser Ser Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe 

110 115 120 

CTG TAC ACT GGT CTA TTC ATC ACC ACA CAT GAC GCA ATG CAT GGC 405 
Leu Tyr Thr Gly Leu Phe lie Thr Thr His Asp Ala Met His Gly 

125 130 135 

ACC ATA GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC CTT GGC AAC 450 
Thr He Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn 

140 145 150 

ATC TGC ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG CTG CAT 495 
He Cys He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His 

155 160 165 

CGC AAG CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG AAA 540 
Arg Lys His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys 

170 175 180 

GAC CCT GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG TTC 585 
Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe 
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185 190 195 

GCC AGC TTC ATG TCC AGC TAC ATG TCC CTG TGG CAG TTT GCC CGG 630 
Ala Scr Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg 

200 205 210 

CTG GCA TGG TGG GCA GTG GTG ATG CAA ATG CTG GGG GCG CCC ATG 675 
Leu Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met 

215 220 225 

GCA AAT CTC CTA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA 720 
Ala Asn Leu Leu Val Phe Met Ala Ala Ala Pro lie Leu Ser Ala 

230 235 240 

TTC CGC CTC TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG 765 
Phe Arg Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu 

245 250 255 

CCA GGC CCT GCA GCA GGC TCT CAG GTG ATG GCC TGG TTC AGG GCC 810 
Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala 

260 265 270 

AAG ACA ACT GAG GCA TCT GAT GTG ATG AGT TTC CTG ACA TGC TAC 855 
Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr 

275 280 285 

CAC TTT GAC CTG CAC TGG GAG CAC CAC AGG TGG CCC TTT GCC CCC 900 
His Phe Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro 

290 295 300 

TGG TGG CAG CTG CCC CAC TGC CGC CGC CTG TCC GGG CGT GGC CTG 945 
Trp Trp Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu 

305 310 315 

GTG CCT GCC TTG GCA TGA 963 
Val Pro Ala Leu Ala 

320 
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8S?(I#^ : 6 
E7»J©g$ : 9 4 2 

e^ijos! : mm 

E^JOaS : c D N A 



: Haematococcus pluvial is 
: NIES-144 

ATG GTC GAG CAG AAA GGC AGT GAG GCA GCT GCT TCC AGC CCA GAC 45 
Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser Ser Pro Asp 
1 5 10 15 

GTC TTG AGA GCG TGG GCG ACA CAG TAT CAC ATG CCA TCC GAG TCG 90 
Val Leu Arg Ala Trp Ala Thr Gin Tyr His Met Pro Ser Glu Ser 

20 25 30 

TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC GCC TAC AAA CCT CCA 135 
Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro Pro 

35 40 45 

GCA TCT GAC GCC AAG GGC ATC ACG ATG GCG CTG ACC ATC ATT GGC 180 
Ala Ser Asp Ala Lys Gly He Thr Met Ala Leu Thr He He Gly 

50 55 60 

ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA ATC AGG CTA 225 
Thr Trp Thr Ala Val Phe Leu His Ala He Plie Gin He Arg Leu 

65 70 75 

CCG ACA TCC ATG GAC CAG CTT CAC TGG TTG CCT GTG TCC GAA GCC 270 
Pro Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala 

80 85 90 

ACA GCC CAG CTT TTG GGC GGA AGC AGC AGC CTA CTG CAC ATC GCT 315 
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Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His lie Ala 
95 100 105 

GCA GTC TTC ATT GTA CTT GAG TTC CTG TAC ACT GGT CTA TTC ATC 360 
Ala Val Phe lie Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe He 

110 115 120 

ACC ACA CAT GAC GCA ATG CAT GGC ACC ATA GCT TTG AGG CAC AGG 405 
Thr Thr His Asp Ala Met His Gly Thr lie Ala Leu Arg His Arg 

125 130 135 

CAG CTC AAT GAT CTC CTT GGC AAC ATC TGC ATA TCA CTG TAC GCC 450 
Gin Leu Asn Asp Leu Leu Gly Asn He Cys lie Ser Leu Tyr Ala 

140 145 150 

TGG TTT GAC TAC AGC ATG CTG CAT CGC AAG CAC TGG GAG CAC CAC 495 
Trp Phe Asp Tyr Ser Met Leu His Arg Lys His Trp Glu His His 

155 160 165 

AAC CAT ACT GGC GAA GTG GGG AAA GAC CCT GAC TTC CAC AAG GGA 540 
Asn His Thr Gly Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly 

170 175 180 

AAT CCC GGC CTT GTC CCC TGG TTC GCC AGC TTC ATG TCC AGC TAC 585 
Asn Pro Gly Leu Val Pro Trp Phe Ala Ser Phe Met Ser Ser Tyr 

185 190 195 

ATG TCC CTG TGG CAG TTT GCC CGG CTG GCA TGG TGG GCA GTG GTG 630 
Met Ser Leu Trp Gin Phe Ala Arg Leu Ala Trp Trp Ala Val Val 

200 205 210 

ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT CTC CTA GTC TTC ATG 675 
Met Gin Met Leu Gly Ala Pro Met Ala Asn Leu Leu Val Phe Met 

215 220 225 

GCT GCA GCC CCA ATC TTG TCA GCA TTC CGC CTC TTC TAC TTC GGC 720 
Ala Ala Ala Pro lie Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly 

230 235 240 
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ACT TAC CTG CCA CAC AAC CCT GAG CCA GGC CCT GCA GCA GGC TCT 765 
Thr Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser 
245 250 255 

CAG GTG ATG GCC TGG TTC AGG CCC AAG ACA AGT GAG GCA TCT GAT 810 
Gin Val Met Ala Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp 
260 265 270 

GTG ATG AGT TTC CTG ACA TGC TAC CAC TTT GAC CTG CAC TGG GAG 855 
Val Met Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp Glu 
275 280 285 

CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG CAG CTG CCC CAC TGC 900 
His His Arg Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His Cys 
290 295 300 

CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT GCC TTG GCA TGA 942 
Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 
305 310 313 

mm^- : 7 

E^ljOg^ : 8 6 7 

&m<ow. : mk 

h#oi>-:iaKMfc 

&n<Dmm : cdna 

QeM^i : Haematococcus pluvial is 
: NIES-144 

ATG CCA TCC GAG TCG TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC 45 
Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His 
15 10 15 
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GCC TAC AAA CCT CCA CCA TCT GAC CCC AAG GGC ATC ACG ATG GCG 90 

Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly lie Thr Met Ala 

20 25 30 

CTG ACC ATC ATT GGC ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA 135 

Leu Thr lie lie Gly Thr Trp Thr Ala Val Phe Leu His Ala lie 

35 40 45 

TTT CAA ATC AGG CTA CCG ACA TCC ATG GAC CAG CTT CAC TGG TTG 180 

Phe Gin He Arg Leu Pro Thr Ser Met Asp Gin Leu His Trp Leu 

50 55 60 

CCT GTG TCC GAA CCC ACA GCC CAG CTT TTG GGC GGA AGC AGC AGC 225 

Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser 

65 70 75 

CTA CTG CAC ATC GCT GCA GTC TTC ATT GTA CTT GAG TTC CTG TAC 270 

Leu Leu His lie Ala Ala Val Phe He Val Leu Glu Phe Leu Tyr 

80 85 90 

ACT GGT CTA TTC ATC ACC ACA CAT GAC GCA ATG CAT GGC ACC ATA 315 

Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly Thr He 

95 100 105 

GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC CTT GGC AAC ATC TGC 360 

Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn He Cys 

110 115 120 

ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG CTG CAT CGC AAG 405 

He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His Arg Lys 

125 130 135 

CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG AAA GAC CCT 450 

His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys Asp Pro 

140 145 150 

GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG TTC GCC AGC 495 

Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe Ala Ser 



4 2 



WOW/06172 PCT/JP95/01640 

155 160 165 

TTC ATG TCC AGC TAC ATG TCC CTG TGG CAG TTT GCC CGG CTG GCA 540 
Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu Ala 

170 175 180 

TGG TGG GCA GTG GTG ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT 585 
Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn 

185 190 195 

CTC CTA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA TTC CGC 630 
Leu Leu Val Phe Met Ala Ala Ala Pro lie Leu Ser Ala Phe Arg 

200 205 210 

CTC TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG CCA GGC 675 
Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu Pro Gly 

215 220 225 

CCT GCA GCA GGC TCT CAG GTG ATG GCC TGG TTC AGG GCC AAG ACA 720 
Pro Ala Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala Lys Thr 

230 235 240 

AGT GAG GCA TCT GAT GTG ATG AGT TTC CTG ACA TGC TAC CAC TTT 765 
Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr His Phe 

245 250 255 

GAC CTG CAC TGG GAG CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG 810 
Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro Trp Trp 

260 265 270 

CAG CTG CCC CAC TGC CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT 855 
Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro 

275 280 285 

GCC TTG GCA TGA 867 
Ala Leu Ala 
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ilE 



T 176 185 194 203 212 221 

il? S T ? 5?* I CG G ? A CTA ATG GTC GAG CAG *** GGC ACT GAG GCA GCT GCT 

Met His val Ala Ser Ala Leu Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala 

230 239 248 257 266 275 

TCC AGC CCA GAC GTC TTG AGA GCG TGG GCG ACA CAG TAT CAC ATG CCA TCC GAG 
Ser Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin Tyr His Met Pro Ser Glu 

284 293 302 311 320 329 

TCG TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC GCC TAC AAA CCT CCA GCA TCT 
Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro Pro Ala Ser 

338 347 356 365 374 383 

GAC GCC AAG GGC ATC ACG ATG GCG CTG ACC ATC ATT GGC ACC TGG ACC GCA GTG 
Asp Ala Lys Gly He Thr Met Ala Leu Thr He He Gly Thr Trp Thr Ala Val 

392 401 410 419 428 437 

TTT TTA CAC GCA ATA TTT CAA ATC AGG CTA CCG ACA TCC ATG GAC CAG CTT CAC 
Phe Leu His Ala He Phe Gin He Arg Leu Pro Thr Ser Met Asp Gin Leu His 

446 455 464 473 482 491 

TGG TTG CCT GTG TCC GAA GCC ACA GCC CAG CTT TTG GGC GGA AGC AGC AGC CTA 
Trp Leu Pro v a l Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser Leu 

500 509 518 527 536 545 

CTG CAC ATC GCT GCA GTC TTC ATT GTA CTT GAG TTC CTG TAC ACT GGT CTA TTC 
Leu His He Ala Ala Val Phe He Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe 

554 563 572 581 590 599 

t^ C iS A CAT GAC GCA ATG CAT GGC ACC "A GCT TTG AGG CAC AGG CAG CTC 
He Thr Thr His Asp Ala Met His Gly Thr He Ala Leu Arg His Arg Gin Leu 

608 617 626 635 644 653 

AAT GAT CTC CTT GGC AAC ATC TGC ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC 
Asn Asp Leu Leu Gly Asn He Cys He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser 

662 671 680 689 698 707 

ATG CTG CAT CGC AAG CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG AAA 
Met Leu His Arg Lys His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys 

716 7 25 734 743 752 761 

GAC CCT GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG TTC GCC AGC TTC 
Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe Ala Ser Phe 

770 779 788 797 806 815 

ATG TCC AGC TAC ATG TCC CTG TGG CAG TTT GCC CGG CTG GCA TGG TGG GCA GTG 
Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu Ala Tro Trp Ala Val 

824 8 33 842 851 860 869 

GTG ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT CTC CTA GTC TTC ATG GCT GCA 
val Met Gin Met Leu Gly Ala Pro Met Ala Asn Leu Leu Val Phe Met Ala Ala 

878 887 896 905 914 923 

GCC CCA ATC TTG TCA GCA TTC CGC CTC TTC TAC TTC GGC ACT TAC CTG CCA CAC 

lit Leu Ser Aia Phe Arg Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His 

932 94 1 950 959 968 977 

AAG CCT GAG CCA GGC CCT GCA GCA GGC TCT CAG GTG ATG GCC TGG TTC AGG GCC 
Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala 

986 "5 1004 1013 1022 103^ 

AAG ACA AGT GAG GCA TCT GAT GTG ATG AGT TTG CTG ACA TGC TAC CAC TTT GAC 
Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr Kis Phe Asd 
^ ^„ 1049 1058 1067 1076 108*5 

CTG CAC TGG GAG CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG CAG CTG CCC CAC 
Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His 

1094 H03 1H2 1121 1130 

TGC CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT GCC TTG GCA TGA 
Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 

1 

D 
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B 

T 197 206 215 224 233 242 

ATG CTC GAG CAG AAA GGC ACT GAG GCA GCT GCT TCC AGC CCA GAC GTC TTG ACA 
Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser Ser Pro Asp Val Leu Arg 

251 260 269 270 287 296 

GCG TGG GCG ACA CAG TAT CAC ATG CCA TCC GAG TCG TCA GAC GCA GCT CGT CCT 
Ala Trp Ala Thr Gin Tyr His Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro 

305 314 323 332 341 350 

GCG CTA AAG CAC GCC TAC AAA CCT CCA GCA TCT GAC GCC AAG GGC ATC ACG ATG 
Ala Leu Lys His Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly lie Thr Met 

359 368 377 386 395 404 

GCG CTG ACC ATC ATT GGC ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA 
Ala Leu Thr lie .lie Gly Thr Trp Thr Ala Val Phe Leu His Ala lie Phe Gin 

413 422 431 440 449 458 

ATC AGG CTA CCG ACA TCC ATG GAC CAG CTT CAC TGG TTG CCT GTG TCC GAA GCC 
lie Arg Leu Pro Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala 

4 *7 476 485 494 503 512 

ACA GCC CAG CTT TTG GGC GGA AGC AGC AGC CTA CTG CAC ATC GCT GCA GTC TTC 
Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His He Ala Ala Val Phe 

521 530 539 548 557 566 

ATT GTA CTT GAG TTC CTG TAC ACT GGT CTA TTC ATC ACC ACA CAT GAC GCA ATG 
He Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe He Thr Thr His Asp Ala Met 

5? 5 584 593 602 611 620 

CAT GGC ACC ATA GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC CTT GGC AAC ATC 
His Gly Thr He Ala Leu Arg His Arg Gin Leu Asn Asd Leu Leu Gly Asn He 

fi 29 638 647 656 ' 665 674 

TGC ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG CTG CAT CGC AAG CAC TGG 
Cys He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Mec Leu His Arg Lys His Trp 

683 692 701 710 719 728 

GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG AAA GAC CCT GAC TTC CAC AAG GGA 
Glu His His Asn His Thr Gly Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly 

737 746 755 764 773 782 

AAT CCC GGC CTT GTC CCC TGG TTC GCC AGC TTC ATG TCC AGC TAC ATG TCC CTG 
Asn Pro Gly Leu Val Pro Trp Phe Ala Ser Phe Met Ser Ser Tyr Met Ser Leu 

7 91 800 809 818 827 836 

TGG CAG TTT GCC CGG CTG GCA TGG TGG GCA GTG GTG ATG CAA ATG CTG GGG GCG 
Trp Gin Phe Ala Arg Leu Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala 

845 854 863 872 881 890 

CCC ATG GCA AAT CTC CTA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA TTC 
Pro Met Ala Asn Leu Leu Val Phe Met Ala Ala Ala Pro He Leu Ser Ala Phe 

899 908 917 926 935 944 

CGC CTC TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG CCA GGC CCT GCA 
Arg Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala 

953 962 971 980 989 998 

GCA GGC TCT CAG GTG ATG GCC TGG TTC AGG GCC AAG ACA AGT GAG GCA TCT GAT 
Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp 
1007 1016 1025 1034 1043 1052 

GTG ATG AGT TTC CTG ACA TGC TAC CAC TTT GAC CTG CAC TGG GAG CAC CAC AGG 
Val Met Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp Glu His His Arg 
1061 1070 1079 1088 1097 1106 

TGG CCC TTT GCC CCC TGG TGG CAG CTG CCC CAC TGC CGC CGC CTG TCC GGG CGT 
Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg 

1115 1124 * ' 

GGC CTG GTG CCT GCC TTG GCA TGA 
Gly Leu Val Pro Ala Leu Ala 

i 

D 
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Y 272 281 290 299 308 317 

ATG CCA TCC GAG TCG TCA GAC GCA GCT CCT CCT GCG CTA AAG CAC GCC TAC AAA 
Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys 

326 335 344 353 362 371 

. CCT CCA GCA TCT GAC GCC AAG GGC ATC ACG ATG GCG CTG ACC ATC ATT CGC ACC 
Pro Pro Ala Ser Asp Ala Lys Gly He Thr Met Ala Leu Thr He He Gly Thr 

380 389 398 407 416 425 

TGG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA ATC AGG CTA CCG ACA TCC ATG 
Trp Thr Ala Val Phe Leu His Ala He Phe Gin He Arg Leu Pro Thr Ser Met 

434 44 3 452 461 470 479 

GAC CAG CTT CAC TGG TTG CCT GTG TCC GAA CCC ACA GCC CAG CTT TTG GGC GGA 
Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly 

488 506 515 524 533 

AGC AGC AGC CTA CTG CAC ATC GCT GCA GTC TTC ATT GTA CTT GAG TTC CTG TAC 
Scr Ser Ser Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe Leu Tyr 

542 551 560 569 578 587 

ihl r^l fl* Ik° tT C f£ C ACA CAT GAC GCA ATG CAT GGC ACC ATA GCT TTG AGG 

Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly Thr He Ala Leu Arg 

" 60S 614 623 632 641 

CAC AGG CAG CTC AAT GAT CTC CTT GGC AAC ATC TGC ATA TCA CTG TAC GCC TGG 

His Arg Gin Leu Asn Asp Leu Leu Gly Asn He Cys He Ser Leu Tyr Ala Trp 

650 659 668 677 686 695 

TTT CAC TAC AGC ATG CTG CAT CGC AAG CAC TGG GAG CAC CAC AAC CAT ACT GGC 

Phe Asp Tyr Ser Met Leu His Arg Lys His Trp Glu His His Asn His Thr Gly 

704 713 722 731 740 749 

GAA GTG GGG AAA GAC CCT GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG 

Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp 

758 767 776 785 794 803 

HI f?» q~ 11° l C ° AGC TAC ATG TCC CTG TGG CAG T TT GCC CGG CTG GCA 

Phe Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu Ala 
812 fi 2l 830 839 848 857 

55 S T f S 7 ? ATG CAA ATG CTG GGG GCG CCC ATG GCA ^T CTC CTA GTC 

Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn Leu Leu Val 

866 875 864 893 902 911 

11 t T * ?? A G ? C CCA ATC TTG TCA GCA TTC CGC CTC TTC TAC TTC GGC ACT 

Phe Met Ala Ala Ala Pro He Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly Thr 

920 929 938 947 955 965 

TAC CTG CCA CAC AAG CCT GAG CCA GGC CCT GCA GCA GGC TCT CAG GTG ATG GCC 
Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala 

974 983 992 1001 1010 1019 

TGG TTC AGG GCC AAG ACA ACT GAG GCA TCT GAT GTG ATG AGT TTC CTG ACA TGC 
Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys 
1028 1037 1046 1055 1064 1073 

Z* C u^ C IT ? AC CTG CAC TGG GAG CAC CAC A GG TGG CCC TTT GCC CCC TGG TGG 

Tyr His Phe Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro Trp Trp 

1082 1091 HOO * 1109 1118 1127 

CAG CTG CCC CAC TGC CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT GCC TTG GCA 

Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 

TGA * 

D 
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mm 



30 60 
CGGGGCAACT CAAGAAATTC AACAGCTGCA AGCGCGCCCC AGCCTCACAG CGCCAAGTGA 
GCCCCGTTGA GTTCTTTAAG TTGTCGACGT TCGCGCGGGG TCGGAGTGTC GCGGTTCACT 

90 120 
GCTATCGACG TGGTTGTGAG CGCTCGACGT GGTCCACTGA CGGGCCTGTG AGCCTCTGCG 
CGATAGCTGC ACCAACACTC GCGAGCTGCA CCAGGTGACT GCCCGGACAC TCGGAGACGC 

150 T 180 

TGCCAAATCT CGCGTCGGGG CCTGCCTAAG TCGAAGAATG CACGTCGCAT 
ACGGTTTAGA GCGCAGCCCC GGACGGATTC AGCTTCTTAC GTGCAGCGTA 



CTCCGTCCTC 
GAGGCAGGAG 

B 

cggcactaIt 
gccgtgatta 



GAGCGTGGGC 
CTCGCACCCG 



GGTCGAGCAG 
CCAGCTCGTC 



G AC AC AG TAT 
CTGTGTCATA 



210 240 
AAAGGCAGTG AGGCAGCTGC TTCCAGCCCA GACGTCTTGA 
TTTCCGTCAC TCCGTCGACG AAGGTCGGGT CTGCAGAACT 

9 270 300 
CACATGCCAT CCGAGTCGTC AGACGCAGCT CGTCCTGCGC 
GTGTACGGTA GGCTCAGCAG TCTGCGTCGA GCAGGACGCG 



330 360 
TAAAGCACGC CTACAAACCT CCAGCATCTG ACGCCAAGGG CATCACGATG GCGCTGACCA 
ATTTCGTGCG GATGTTTGGA GGTCGTAGAC TGCGGTTCCC GTAGTGCTAC CGCGACTGGT 

390 420 
TCATTGGCAC CTGGACCGCA GTGTTTTTAC ACGCAATATT TCAAATCAGG CTACCGACAT 
AGTAACCGTG GACCTGGCGT CACAAAAATG TGCGTTATAA AGTTTAGTCC GATGGCTGTA 

450 480 
CCATGGACCA GCTTCACTGG TTGCCTGTGT CCGAAGCCAC AGCCCAGCTT TTGGGCGGAA 
GGTACCTGGT CGAAGTGACC AACGGACACA GGCTTCGGTG TCGGGTCGAA AACCCGCCTT 

510 540 
GCAGCAGCCT ACTGCACATC GCTGCAGTCT TCATTGTACT TGAGTTCCTG TACACTGGTC 
CGTCGTCGGA TGACGTGTAG CGACGTCAGA AGTAACATGA ACTCAAGGAC ATGTGACCAG 

570 600 
TATTCATCAC CACACATGAC GCAATGCATG GCACCATAGC TTTGAGGCAC AGGCAGCTCA 
ATAAGTAGTG GTGTGTACTG CGTTACGTAC CGTGGTATCG AAACTCCGTG TCCGTCGAGT 

630 660 
ATGATCTCCT TGGCAACATC TGCATATCAC TGTACGCCTG GTTTGACTAC AGCATGCTGC 
TACTAGAGGA ACCGTTGTAG ACGTATAGTG ACATGCGGAC CAAACTGATG TCGTACGACG 

690 720 
ATCGCAAGCA CTGGGAGCAC CACAACCATA CTGGCGAAGT GGGGAAAGAC CCTGACTTCC 
TAGCGTTCGT GACCCTCGTG GTGTTGGTAT GACCGCTTCA CCCCTTTCTG GGACTGAAGG 

750 78 ° 
ACAAGGGAAA TCCCGGCCTT GTCCCCTGGT TCGCCAGCTT CATGTCCAGC TACATGTCCC 
TGTTCCCTTT AGGGCCGGAA CAGGGGACCA AGCGGTCGAA GTACAGGTCG ATGTACAGGG 

810 840 
TGTGGCAGTT TGCCCGGCTG GCATGGTGGG CAGTGGTGAT GCAAATGCTG GGGGCGCCCA 
ACACCGTCAA ACGGGCCGAC CGTACCACCC GTCACCACTA CGTTTACGAC CCCCGCGGGT 
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870 900 
TGGCAAATCT CCTAGTCTTC ATGGCTGCAG CCCCAATCTT GTCAGCATTC CGCCTCTTCT 
ACCGTTTAGA GGATCAGAAG TACCGACGTC GGGGTTAGAA CAGTCGTAAG GCGGAGAAGA 

930 960 
ACTTCGGCAC TTACCTGCCA CACAAGCCTG AGCCAGGCCC TGCAGCAGGC *CTCAGGTGA 
TGAAGCCGTG AATGGACGGT GTGTTCGGAC TCGGTCCGGG ACGTCGTCCG AGAGTCCACT 

990 1020 
TGGCCTGGTT CAGGGCCAAG ACAAGTGAGG CATCTGATGT GATGAGTTTC CTGACATGCT 
ACCGGACCAA GTCCCGGTTC TGTTCACTCC GTAGACTACA CTACTCAAAG GACTGTACGA 

1050 1080 
ACCACTTTGA CCTGCACTGG GAGCACCACA GGTGGCCCTT TGCCCCCTGG JGGCAGCTGC 
TGGTGAAACT GGACGTGACC CTCGTGGTGT CCACCGGGAA ACGGGGGACC ACCGTCGACG 



mo • 1140 



CCCACTGCCG CCGCCTGTCC GGGCGTGGCC TGGTGCCTGC CTTGGCATGA CCTGGTCCCT 
GGGTGACGGC GGCGGACAGG CCCGCACCGG ACCACGGACG GAACCGJACT GGACCAGGGA 

1170 D 1200 

CCGCTGGTGA CCCAGCGTCT GCACAAGAGT GTCATGCTAC AGGGTGCTGC GGCCAGTGGC 
GGCGACGACT GGGTCGCAGA CGTGTTCTCA CAGTACGATG TCCCACGACG CCGGTCACCG 



1230 1260 



AGCGCAGTGC ACTCTCAGCC TGTATGGGGC TACCGCTGTG CCACTGAGCA CTGGGCATGC 

iScSScc tSgagtggg acataccccg atggcgacac ggtgactcgt gacccgtacg 

1290 1320 
CACTGAGCAC TGGGCGTGCT ACTGAGCAAT GGGCGTGCTA CTGAGCAATG GCCGTGCTAC 

gtgactcgtg acccgcacga tgactcgtta cccgcacgat gactcgttac ccgcacgatg 

1350 1380 

tgacaatggg cgtgctactg gggtctggca gtggctagga tggagtttga tgcattcagt 
actgttaccc gcacgatgac cccagaccgt caccgatcct acctcaaact acgtaagtca 

410 1440 

agcggtggcc aacgtcatgt ggatggtgga agtgctgagg ggtttaggca gccggcattt 

JcGCCACCGG TTGCAGTACA CCTACCACCT TCACGACTCC CCAAATCCGT CGGCCGTAAA 

1470 1500 
GAGAGGGCTA AGTTATAAAT CGCATGCTGC TCATGCGCAC ATATCTGCAC ACAGCCAGGG 
CTCTCCCGAT TCAATATTTA GCGTACGACG AGTACGCGTG TATAGACGTG TGTCGGTCCC 

1530 1560 
AAATCCCTTC GAGAGTGATT ATGGGACACT TGTATTGGTT TCGTGCTATT GTTTTATTCA 
TTTAGGGAAG CTCTCACTAA TACCCTGTGA ACATAACCAA AGCACGATAA CMAAi*** 

1590 1620 
GCAGCAGTAC TTAGTGAGGG TGAGAGCAGG GTGGTGAGAG TGGAGTGAGT GACTATGAAC 
CGTCGTCATG AATCACTCCC ACTCTCGTCC CACCACTCTC ACCTCACTCA CTCATACTTO 



1650 1677 



CTGGTCAGCG AGGTGAACAG CCTGTAATGA ATGACTCTGT CTAAAAAA^ 
GACCAGTCGC TCCACTTGTC GGACATTACT TACTGAGACA GATTTTTTTT TTTTTTT 



5/1 2 



WO 96/06172 



PCI7JP95/01640 



I 

V^>fs/Hio »; >|£(IPP) v>f-;U7V;utfo y V&(DMAPP) 

-I 



ipp 



OP? 

y*s*tfn»j>flfc(GPP) 




OPP 



r 9 - 5 - ;pf □ v >&(GGPP) 
-GGPP 




6/12 



WO 96/06172 



PCT/JP95/01640 



mm 




IPP 



GGPP 

GGPP 




OH 



OH 



CH 2 OH 



HOH^C^O jf 

"O^T^r-^ * 7 * + > f - > -P-D- v / ^ 3 •> K 

HO-^ OH 



7/1 2 



WO 96/06172 



PCT/JP9S/01640 




8/1 2 



W0 96/W172 PCT/JP95/01640 




9/1 2 



WO 96/06172 



PCT/JP95/01640 



mom 



1.7 kb 



pHP5 



S Ss P Sp PP SpSp Sp NX 



JLL 




1 0/1 2 



WO 96/06172 



PCT/JP95/01640 



in 20 30 40 50 60 

CGGGGCAACT CAAGAAATTC AACAGCTGCA ACCGCGCCCC AGCCTCACAG CGCCAAGTGA 

70 BO 90 100 HO I 20 

GCTATCGACG TGGTTGTCAG CGCTCGACGT GGTCCACTGA CGGGCCTGTG AGCCTCTGCG 

130 140 150 160 T170 I 80 

CTQCGTCCTC TGCCAAATCT CGCGTCGGGG CCTGCCTAAG TCGAAGJElfl CACGTCGCAT 

27 1*90 200 210 220 230 240 

cggcactaEOstcgagcag AAAGGCAGTG AGGCAGCTGC TTCCAGCCCA GACGTCTTGA 

950 260 9 210 280 31 290 300 

GAGCGTGGGC GACACAGTAT CAcWcAT CCGAGTCGTC AGACGCAGCT CGTCCTGCGC 



^ 37 310 320 ^ 2 33 0 3 4 0 3 5 0 3 60 

TAAAGCACGC CTACAAACCT CCAGCATCTG ACGCCAAGGG CATCACG^ GCGCTGACCA 

UlO U. 



370 380 390 400 410 420 

TCATTGGCAC CTGGACCGCA GTGTTTTTAC ACGCAATATT TCAAATCAGG CTACCGACAT 

430 440 450 460 470 480 

CCEl33ACCA GCTTCACTGG TTGCCTGTGT CCGAAGCCAC AGCCCAGCTT TTGGGCGGAA 
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